Experimental infinite dilution activity coefficient data, gas-to-liquid partition coefficient data, and solubility data have been combined from the published literature for neutral organic molecules and inert gases dissolved in anhydrous acetic acid. The compiled experimental data were transformed into molar solubility ratios, water-to-acetic acid (P) and gas-to-acetic acid (K) using standard thermodynamic relationships. The derived Abraham model correlations described the observed solubility and partition coefficient data of neutral organic compounds to within 0.18 log units (or less). Our analysis further showed that acetic acid solvent has considerable hydrogen-bond acidity, in agreement with the proposed linear structure for the solvent, and in terms of solubility related properties is not an unusual solvent at all.
Introduction
More than twenty tons of organic solvents are consumed annually by chemical industries in applications involving chemical syntheses, chemical separations, pharmaceutical formulations, cosmetic products, lubricants, paints and varnishes, food processing, petroleum products, and cleaning materials [1] . The increasing consumption of organic solvents, combined with growing environmental awareness, has led to new governmental policies and regulations regarding the progressive replacement of environmentally harmful compounds with less harmful chemical alternatives having more favorable environmental, health and safety hazard profiles. Selection of a suitable replacement solvent requires knowledge of the chemical and physical properties not only of the solvent that is to be replaced, but also knowledge of the properties of the solvents that are being considered as safer alternative candidates.
Over the years there have been several methods developed to characterize the solubilizing properties of organic solvents so that researchers can have this information at hand when selecting possible replacement solvents. The Hildebrand solubility parameter approach [2] allows one to compare the solubility of a given solute in a series of organic solvents. Solute solubility is expected to increase as the difference between the solubility parameters of the solute, δsolute, and the solvent, δsolvent, decreases. Hansen [3] extended the application of the model by dividing the intermolecular forces into dispersion, polar, and hydrogen-bonding interactions. This modification enabled the construction of a three-dimensional space in which solvents and solutes could be conveniently situated. The solute is visualized as a point surrounded by a solubilization sphere. Organic solvents and solvent mixtures residing within the solubilization sphere are predicted to be able to solubilize the solute under consideration.
The Abraham solvation parameter model [4] [5] [6] [7] [8] 
log (K or CS,organic/CS,gas) = ck + ek · E + sk · S + ak · A + bk · B + lk · L
where P and K refer to the solute's water-to-organic solvent and gas-to-organic solvent partition coefficients, and Cs refers to the solute's molar solubility with the subscripts "organic", "water" and "gas" indicating the phase to which the solute molar concentrations pertain. In Eqns.
(1) and (2) the solute descriptors are defined as follows: E denotes to the solute excess molar refractivity in units of (cm 3 mol -1 )/10, S corresponds to the solute dipolarity/polarizability, A and B quantify the overall or total hydrogen-bond acidity and basicity, V refers to the McGowan volume in units of (cm 3 mol -1 )/100, and L is defined as the logarithm of the dimensionless gas-to-hexadecane partition coefficient at 298 K. The complementary solvent process constants/coefficients pertain to the ability of the partitioning system to participate in lone electron pair interactions (e), and in dipole-type interactions (s), to act as a hydrogen-bond type base (a) and as a hydrogen-bond type acid (b), and to break solvent-solvent interactions that lead to the formation of the solvent cavity needed for solute transfer between condensed phases (v) or for solute transfer from the gas phase (l). The last term in each equation, the vp · V term in eqn. (1) 
The smaller the distance, the closer are the two solvents in terms of solubilizing properties. different organic solvents for log P and log K partitioning systems, including several systems containing linear and cyclic alkanes [6, 14, 15] , alkylbenzenes [6, 16, 17] , chloroalkanes [18, 19] , dialkyl ethers [6, 20] and cyclic ethers [21] , halobenzenes [22] , alkanones [23] , alkyl alkanoates [24] , amides [25] , mono-functional alcohols [6, 26, 27] [42] , and 2-butoxyethanol [43] . In the present communication we extend our considerations to include solute transfer into anhydrous acetic acid, which is used as a solvent used in the manufacture of terephthalic acid and in non-aqueous acid-base titrations for determining the concentrations of weakly alkaline substances (e.g., organic amides). This is the first carboxylic acid that we have studied as a solvent. Abraham model log (P or CS,organic/CS,water) and log (K or CS,organic/CS,gas) correlations are derived from published gas-to-liquid partition coefficient data and solubility data for 68 organic and inorganic solutes dissolved in acetic acid.
Dataset and Computation Methodology
The experimental data used in deriving the log P and log K correlations came from various sources . Rudakov et al. [44] reported equilibrium distribution coefficients, α = Cs,gas/Cs,solvent, for methane, ethane, propane, butane, pentane, hexane, heptane, octane, 2-methylpropane, 2,2,4-trimethylpentane, cyclopentane, cyclohexane, and benzene determined by measuring the solute concentration in both the gas phase and in acetic acid using a gas-liquid chromatographic method. Park et al. [45] determined the infinite dilution activity coefficients and gas-to-liquid partition coefficients of octane, toluene, ethanol, 2-butanone, nitromethane and 1,4-dioxane dissolved in acetic acid based on headspace gas chromatographic measurements.
Banipal and coworkers [46] studied the vapor-liquid equilibria of binary mixtures containing acetonitrile with acetic acid, propionic acid, isobutryic acid and trimethylmethylacetic acid over the entire range of mixture compositions. The authors calculated the activity coefficients of both mixture components from the observed total vapor pressures. Abraham and coworkers [47] published infinite dilution activity coefficient data for 2-chloro-2-methylpropane and 2-bromo-2- 
where R is the universal gas constant, T is the system temperature, Psolute o is the vapor pressure of the solute at T, and Vsolvent is the molar volume of the solvent.
Our search of the published literature did find solubility data for several organic and inorganic gases dissolved in acetic acid. Pollack et al. [48] measured the solubility of xenon in acetic acid from 293 K to 313 K, Kunerth [49] determined the solubility of carbon dioxide and nitrous oxide in acetic acid in 2 K increments from 291 K to 309 K, and Barton and Hsu [50] reported the solubility of cyclopropane in acetic acid in the temperature range of 273 K to 313 K.
Experimental data for hydrogen sulfide, propene, trans-2-butane, 2-methyl-1-propene and 1,3-butadiene came from solubility studies by Hayduk and coworkers [51] [52] [53] [54] . In each case, the experimental data was expressed as both the mole fraction solubility and the Ostwald Coefficient, K. The experimental log K values were converted to log P values:
using the solute's measured gas-to-water partition coefficients, Kw, which are available for all of liquid and gaseous compounds considered in the present communication.
Experimental mole fraction solubility data was also found for several crystalline nonelectrolyte solutes, including two polycyclic aromatic hydrocarbons (naphthalene [66] and phenanthrene [73] ), four nonsteroidal anti-inflammatory drugs (2-hydroxybenzoic acid [65] , naproxen [72] , ibuprofen [74] , diclofenac [76] ) and two other drug molecules (niflumic acid [77] and salicylamide [64] ), nine alkanedioic acids (oxalic acid through sebacic acid) [63] , and benzoic acid [70] and three substituted benzoic acid derivatives (4-hydroxybenzoic acid [69] , 4-methylbenzoic acid [71] , and isophthalic acid [79] The experimental log (P or (CS,organic/CS,water)) and log (K or (CS,organic/CS,gas)) values at 298.15 K for solutes dissolved in acetic acid are listed in Table 1 . In total there are 68 log (P or 
Results and Discussion
The 68 different organic and inorganic solutes listed in Table 1 
(with N = 68, SD = 0.159, R
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The statistical information associated with the correlation is given below Eqns. (6) and (7), and the standard error in each calculated equation coefficient is given in parenthesis immediately after the respective coefficient. The statistical information includes: the number of experimental data points used in the regression analysis (N); the standard deviation (SD); the squared correlation coefficient (R 2 ); and the Fisher F-statistic.
Equations (6) and (7) Table 2 show that there is very little bias in Eqns. (8) - (13).
Acetic acid is well known to exist as a cyclic dimer, but this is usually restricted to solutions of acetic acid in non-polar solvents. The structure of neat acetic acid has been studied several times, with agreement that liquid acetic acid exists as linear associates [86] [87] [88] . Unlike the cyclic dimer, there are free -OH groups in the linear associates, see Figure 3 , that are free to interact with external solutes that are hydrogen-bond bases. Hence on this basis, acetic acid solvent would be expected to act as a hydrogen-bond acid. Eqn (2) is easier to interpret than eqn.
(1), and in Table 3 are listed the coefficients in eqn, (2) for acetic acid solvent and for a selection of solvents that we have studied previously. The coefficient bk refers to the hydrogen-bond acidity of the solvent (because hydrogen-bond basic solutes interact with hydrogen-bond acidic solvents). From Table 3 it can be seen that acetic acid solvent has a considerable hydrogen-bond acidity (bk = 2.117), even larger than that of methanol (bk = 1.396), in agreement with the linear associated structure of liquid acetic acid, and contrary to what would be expected if liquid acetic acid was composed of cyclic dimers.
In order to compare the general solubility properties of acetic acid with those of other solvents, especially those with hydroxyl functional groups, we have carried out a PCA of the coefficients listed in Table 3 , exactly as detailed above. The first two PCs contain 79% of the total information, and a plot of PC2 against PC1 is shown in Figure 4 . transformation from a solute to a solvent results in change in hydrogen-bond acidity. In Figure 5 is a plot of the b k -coefficient for solvents against the A-descriptor for solutes. Water solvent has (a relatively) very large increase in hydrogen-bond acidity over monomeric water solute, trifluoroethanol solvent has a substantial increase but acetic acid is again not very different to several other solvents. In terms of hydrogen-bond acidity and general solution properties acetic acid is not an unusual solvent.
Conclusion
Mathematical expressions based on the Abraham solvation parameter model are derived for describing molar solubility ratios and solute partition coefficients for neutral organic molecules and inorganic gases dissolved in acetic acid at 298 K. The derived mathematical expressions provide a reasonably accurate mathematical description of the observed solubility and partition coefficient data. Our analysis further showed that acetic acid solvent has considerable hydrogen-bond acidity, in agreement with the proposed linear structure for the solvent, and in terms of solubility related properties is not an unusual solvent at all. Table   3: • acetic acid; ■ water; ▲ hydroxylic solvents, formamide and N-methylformamide. 
